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PREFACE 
Water r e s o u r c e  sys tems have  been a n  i m p o r t a n t  p a r t  o f  
r e s o u r c e s  and envi ronment  r e l a t e d  r e s e a r c h  a t  IIASA s i n c e  i t s  
i n c e p t i o n .  A s  demands f o r  w a t e r  i n c r e a s e  r e l a t i v e  t o  s u p p l y ,  
t h e  i n t e n s i t y  and e f f i c i e n c y  o f  w a t e r  r e s o u r c e s  management must 
be  developed f u r t h e r .  T h i s  i n  t u r n  r e q u i r e s  an  i n c r e a s e  i n  t h e  
d e g r e e  o f  d e t a i l  and s o p h i s t i c a t i o n  o f  t h e  a n a l y s i s ,  i n c l u d i n g  
economic, s o c i a l  and env i ronmenta l  e v a l u a t i o n  o f  w a t e r  r e s o u r c e s  
development a l t e r n a t i v e s  a i d e d  by a p p l i c a t i o n  o f  ma themat ica l  
mode l l ing  t e c h n i q u e s ,  t o  g e n e r a t e  i n p u t s  f o r  p l a n n i n g ,  d e s i g n ,  
and o p e r a t i o n a l  d e c i s i o n s .  
During t h e  y e a r  o f  1978  i t  was d e c i d e d  t h a t  p a r a l l e l  t o  t h e  
c o n t i n u a t i o n  o f  demand s t u d i e s ,  an  a t t e m p t  would be made t o  i n -  
t e g r a t e  t h e  r e s u l t s  o f  o u r  s t u d i e s  on w a t e r  demands w i t h  w a t e r  
s u p p l y  c o n s i d e r a t i o n s .  T h i s  new t a s k  was named "Reg iona l  Water 
Management" (Task 1 ,  Resources  and Environment A r e a ) .  
The p a p e r  i s  p a r t  o f  a  c o l l a b o r a t i v e  s t u d y  o n  w a t e r  r e s o u r c e s  
problems i n  Western ~ k % n e ,  Sweden, pursued by IIASA i n  c o l l a b o r a t i o n  
w i t h  t h e  Swedish N a t i o n a l  Environment P r o t e c t i o n  Board and t h e  
U n i v e r s i t y  o f  Lund. The p r e s e n t  paper  l o o k s  a t  t h e  a g r i c u l t u r a l  
demand f o r  i r r i g a t i o n  w a t e r .  I r r i g a t i o n  i s  r e l a t i v e l y  new i n  t h e  
~ k g n e  r e g i o n  b u t  i s  on t h e  i n c r e a s e ,  making e s t i m a t i o n  o f  p o t e n t i a l  
needs  i m p o r t a n t .  
J a n u s z  K i n d l e r  
Task Leader  
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IRRIGATION IN S&NE - 
ESTIMATED WATER NEEDS AND EFFECTS 
ON WATER AVAILABLE TO CROPS 
Susan P e t e r s o n  A r t h u r  
1.  INTRODUCTION 
I r r i g a t i o n  i s  a r e c e n t  development  f o r  Swedish a g r i c u l t u r e .  
E x t e n s i v e  i r r i g a t i o n  began i n  t h e  1970s,  l a r g e l y  due  t o  a  series 
o f  d r y  summers i n  1970-75 and t h e  development  o f  s i m p l e  i r r i g a -  
t i o n  machines.  U s e  i s  r a p i d l y  expanding,  and a g r i c u l t u r a l  w a t e r  
needs  a r e  l i k e l y  t o  c o n t i n u e  i n c r e a s i n g  i n  t h e  n e a r  f u t u r e .  T h i s  
0 i s  p a r t i c u l a r l y  t r u e  f o r  Skane,  where t h e  c r o p  s t r u c t u r e  and t h e  
p r e v a l e n c e  o f  r e l a t i v e l y  l a r g e  farms make i r r i g a t i o n  e s p e c i a l l y  
a t t r a c t i v e .  
The purpose  o f  t h i s  r e p o r t  is  two-fold:  
0 
- e s t i m a t i o n  o f  w a t e r  n e e d s  i n  Skane f o r  supp lementa ry  
i r r i g a t i o n  o f  v a r i o u s  c r o p s ;  and 
- e s t i m a t i o n  o f  t h e  e f f e c t s  o f  supp lementa ry  i r r i g a t i o n  
on t h e  t o t a l  amount o f  w a t e r  a v a i l a b l e  t o  c r o p s .  
E s t i m a t e s  o f  t h e s e  k i n d s  a r e  d i f f i c u l t  t o  make i n  ~ k g n e ,  f o r  
s e v e r a l  r e a s o n s .  F i r s t ,  t h e r e  have  been o n l y  a b o u t  t e n  y e a r s  o f  
e x p e r i e n c e  w i t h  i r r i g a t i o n  i n  t h e  a r e a .  Second, i r r i g a t i o n  
p r a c t i c e s  have  changed o v e r  t h o s e  y e a r s  i n  t e r m s  o f  amount and 
f requency  o f  a p p l i c a t i o n .  T h i r d ,  f a r m e r s  a r e  sometimes f o r c e d  
t o  u s e  less w a t e r  t h a n  t h e y  would l i k e  because  w a t e r  s o u r c e s  a r e  
n o t  a lways  a b l e  t o  p r o v i d e  s u f f i c i e n t  s u p p l i e s  ( Johansson  and 
K l i n g s p o r ,  1 9 7 7 ) .  I n  s h o r t ,  t h e r e  h a s  been o n l y  l i m i t e d  
exper ience w i t h  i r r i g a t i o n  i n  Skgne--with t h e  amounts of  wate r  
r equ i r ed ,  o r  wi th  t h e  e f f e c t  of  i r r i g a t i o n  on t h e  t o t a l  wate r  
a v a i l a b l e  t o  c rops .  Es t imat ion  o f  p o t e n t i a l  wate r  needs f o r  
supplementary i r r i g a t i o n  cannot  i n  t h i s  c a s e  be based on a c t u a l  
d a t a .  
I n  t h i s  r e p o r t ,  t h e  d i f f i c u l t i e s  mentioned above a r e  c i r -  
cumvented by us ing  h i s t o r i c a l  r a i n f a l l  d a t a  i n  con junc t ion  wi th  
a  set  o f  i r r i g a t i o n  r u l e s  t o  s imu la t e  s even ty - f ive  y e a r s  of  
i r r i g a t i o n  f o r  va r ious  c rops .  The i r r i g a t i o n  r u l e s  used i n  t h i s  
r e p o r t  w e r e  chosen t o  r e f l e c t  a s  c l o s e l y  a s  p o s s i b l e  t h e  a c t u a l  
0 i r r i g a t i o n  p r a c t i c e s  o f  farmers  i n  t h e  Skane reg ion ,  assuming an  
un l imi ted  supply o f  wate r  f o r  i r r i g a t i o n .  They a r e  " r u l e s  o f  
thumb" p r e s e n t l y  recommended t o  farmers.  
Using t h e  s imu la t ed  i r r i g a t i o n  d a t a ,  e s t i m a t e s  a r e  made of  
t h e  wate r  r equ i r ed  t o  a l low f u l l  implementation o f  t h e  p r e s e n t  
rough i r r i g a t i o n  recommendations. Es t imates  p re sen ted  i n  t h i s  
r e p o r t  i nc lude  t h e a v e r a g e , s t a n d a r d  d e v i a t i o n ,  and range  o f  
s easona l  wate r  requi rements ,  a s  w e l l  a s  t h e  percen tage  o f  seasons  
r e q u i r i n g  s p e c i f i c  amounts o f  wate r .  The e f f e c t  of  t h e s e  i r r i g a -  
t i o n  schemes on t h e  wate r  a v a i l a b l e  t o  crops--in t e r m s  of  t h e  
average q u a n t i t y ,  i t s  v a r i a b i l i t y  from season t o  season ,  and t h e  
cons i s t ency  o f  supply throughout  t h e  season-- is  a l s o  es t imated .  
Es t imates  a r e  made f o r  a l l  major c rops  grown i n  Sweden, whether 
p r e s e n t l y  i r r i g a t e d  o r  no t .  For c rops  n o t  g e n e r a l l y  i r r i g a t e d  
a t  p r e s e n t ,  e s t i m a t e s  i n d i c a t e  t h e  p o t e n t i a l  wate r  requi rements  
i f  i r r i g a t i o n  i s  undertaken.  The e s t i m a t e s  a r e ,  t o  t h e  a u t h o r ' s  
knowledge, t h e  on ly  such complete publ i shed  e s t i m a t e s  o f  t h i s  
s o r t  f o r  Sksne. 
A major conc lus ion  o f  t h i s  r e p o r t  i s  t h a t ,  i f  fa rmers  con- 
t i n u e  t o  use  t h e  rough " r u l e s  o f  thumb" desc r ibed  h e r e f i r r i g a t i o n  
wate r  needs i n  Skgne may be cons ide rab ly  h i g h e r  t han  p rev ious ly  
thought.  Es t imates  of  t h e  amounts of  wate r  needed t o  f u l f i l l  
t h e s e  r u l e s  i n  a  d ry  y e a r  a r e  s u b s t a n t i a l l y  h i g h e r  t han  p rev ious  
d ry  y e a r  e s t i m a t e s  based on s o i l  mois ture  i r r i g a t i o n  r u l e s .  
Est imated water  needs a r e  a l s o  h ighe r  than would be i n d i c a t e d  
by s imple  r a i n f a l l  d e f i c i t  measures--that  i s ,  t h e  d i f f e r e n c e  
between r a i n f a l l  and op t ima l  wate r  l e v e l s  f o r  crops .  
Note t h a t  t h e  i r r i g a t i o n  r u l e s  used  i n  t h i s  r e p o r t ,  and  
p r e s e n t l y  recommended i n  ~ k % n e ,  a r e  i n t e n d e d  t o  maximize, o r  
a t  l e a s t  i n c r e a s e ,  c r o p  y i e l d s  i n  p r a c t i c e ,  f a r m e r s  may wish  t o  
maximize n e t  income r a t h e r  t h a n  c r o p  y i e l d s  a l o n e .  For  an 
a n a l y s i s  o f  i r r i g a t i o n  i n  ~ k % n e  i n c l u d i n g  b o t h  c o s t s  and b e n e f i t s  
s e e  t h e  p a p e r  by R. Anderson (1980) .  
2. IRRIGATION PRACTICES 
The i r r i g a t i o n  schemes used  f o r  s i m u l a t i o n  are based  on 
recommendations from Rune Andersson ( p e r s o n a l  communication t o  
L. d e  Mar6, 1979) a t  t h e  Malmohus County Board/Environmental  
P r o t e c t i o n  U n i t  ( L a n s s t y r e l s e n ,  Malmohus l a n / N a t u r v a r d s e n h e t e n )  
w i t h  some m o d i f i c a t i o n s  s u g g e s t e d  by W. Johansson  ( p e r s o n a l  
communication t o  L. d e  Mare, 1980) a t  t h e  S v e r i g e s  Lantbruks-  
u n i v e r s i t e t  (Swedish A g r i c u l t u r a l  U n i v e r s i t y )  , Uppsala .  The 
i r r i g a t i o n  r u l e s  a r e  a l s o  c l o s e  t o  t h e  recommendations made i n  
two p a p e r s  by H .  L i n n e r  (1977, 1 9 7 9 ) .  
These i r r i g a t i o n  schemes r e q u i r e  o n l y  d a i l y  measurement o f  
r a i n f a l l .  More c o m p l i c a t e d  r u l e s  can  b e  d e v i s e d ,  b a s e d  f o r  
example on s o i l  m o i s t u r e ,  which match i r r i g a t i o n  more c l o s e l y  
t o  t h e  t r u e  water needs  o f  t h e  c r o p s .  However, t h e y  r e q u i r e  
more s o p h i s t i c a t e d  equipment .  The " r u l e  o f  thumb" a p p l i c a t i o n  
o f  i r r i g a t i o n  w a t e r ,  a s  d e s c r i b e d  i n  t h i s  r e p o r t ,  i s  g e n e r a l l y  
c o n s i d e r e d  t o  be ,  t o d a y ,  t h e  method most  used  by Swedish f a r m e r s  
( p e r s o n a l  communication from L. d e  Mar6, 1 9 8 0 ) .  How e s t i m a t e s  
based  on o t h e r  r u l e s  d i f f e r  from t h e s e  i s  c o n s i d e r e d  i n  a  l a t e r  
s e c t i o n  o f  t h e  r e p o r t .  
E v a p o t r a n s p i r a t i o n  i n  ~ k s n e  i s  r o u g h l y  3.5 rnm p e r  day  i n  
May-July and 2.5 mm p e r  day i n  August and September.  These 
f i g u r e s  are used  i n  recommending t h e  amount o f  w a t e r  which s h o u l d  
b e  a v a i l a b l e  t o  c r o p s :  f o r  c l a y  s o i l ,  35 mm p e r  t e n  d a y s  i n  
May-July , 25 mrn p e r  t e n  d a y s  i n  August and September;  f o r  sandy 
s o i l ,  25 mm and 18 mm p e r  seven  d a y s  i n  May-July and August- 
September.  U n t i l  r e c e n t l y  t h e  recommended amount was 35 mm/25 mm 
e v e r y  t e n  days  f o r  b o t h  t y p e s  of  s o i l ,  b u t  it i s  now f e l t  t h a t  
sandy s o i l  r e q u i r e s  w a t e r  more f r e q u e n t l y .  
For sandy s o i l ,  t h e  recommended i r r i g a t i o n  s chedu le  i s  a s  
fo l l ows .  I f  i n  a  7-day p e r i o d  t h e r e  has  been no r a i n ,  25 mm 
(18 mrn d u r i n g  August and September) o f  i r r i g a t i o n  wa te r  a r e  
- - 
a p p l i e d  on t h e  s even th  day.  I f  r a i n f a l l  h a s  amounted t o  x mm 
d u r i n g  t h i s  p e r i o d ,  i r r i g a t i o n  i s  postponed by x/3.5 days  (x/2.5 
days d u r i n g  August and September) .  A t  t h e  end o f  t h e  postpone- 
ment pe r iod ,  i f  more r a i n  ha s  f a l l e n ,  a  second postponement i s  
al lowed,  and s o  on. I n  t h i s  way, i r r i g a t i o n  i s  de l ayed  a s  l ong  
. . 
a s  t h e  c r o p s  a r e  r e c e i v i n g  abou t  3.5 mrn o f  wa te r  p e r  day (2 .5  mm 
dur ing  August and September) .  Dec i s ions  t o  i r r i g a t e  o r  c o n t i n u e  
postponement a r e  made a t  t h e  end o f  each postponement p e r i o d .  
However, any s i n g l e  postponement pe r iod  i s  l i m i t e d  t o  a  maximum 
v a l u e ,  r e g a r d l e s s  o f  p r e v i o u s  r a i n f a l l .  For t h e  purposes  o f  
t h i s  r e p o r t ,  t h e  maximum s i n g l e  postponement i s  t aken  t o  be 10 
days .  The s chedu le  f o r  c l a y  s o i l  i s  t h e  same, e x c e p t  t h a t  
35 mm (25 mm d u r i n g  August and September) a r e  a p p l i e d  a t  10-day 
i n t e r v a l s  u n l e s s  r a i n f a l l  l e v e l s  w a r r a n t  a  d e l a y .  
The i r r i g a t i o n  s chedu le s  o u t l i n e d  above a r e  used,  i n  g e n e r a l ,  
r e g a r d l e s s  o f  c rop .  However, t h e  i r r i g a t i o n  season ( t h e  pe r iod  
du r ing  which i r r i g a t i o n  i s  cons ide red  impor t an t )  v a r i e s  by c rop .  
For ~ k s n e ,  t h e  i r r i g a t i o n  s ea sons  f o r  t h e  major c r o p s  a r e ,  
a cco rd ing  t o  H.  Linn6r  ( p e r s o n a l  communication t o  L. de  Mare, 
1980) : 
Crop I r r i g a t i o n  Season 
Grain  June 1  - J u l y  15 ( 1 . 5  months ) 
Vegetable  o i l  c rops  May 16 - J u l y  15 ( 2  months) 
P o t a t o e s  June 16 - August 31 ( 2 . 5  months) 
Sugar b e e t s  J u l y  1  - Sept .  15 (2 .5  months) 
Harves ted  l e y  May 16 - August 15 ( 3  months) 
Grazing l e y  May 16 - Sept .  15 ( 4  months) 
Although garden p roduc t s  a r e  an  impor t an t  c r o p  i n  ~ k g n e ,  it i s  
d i f f i c u l t  t o  make g e n e r a l i z a t i o n s  abou t  i r r i g a t i o n  t e chn iques .  
Each produc t  must be cons ide red  s e p a r a t e l y .  For t h i s  
r ea son ,  ga rden  p roduc t s  a r e  n o t  i nc luded  i n  t h i s  r e p o r t .  Note 
t h a t ,  o u t s i d e  o f  garden p r o d u c t s ,  t h e  c r o p s  cons ide red  most 
wor thwhi le  t o  i r r i g a t e  i n  ~ k s n e  a r e  p o t a t o e s  and s u g a r  b e e t s .  
I r r i g a t i o n  o f  l e y  i s  becoming more impor t an t ,  however, and 
i r r i g a t i o n  o f  g r a i n  a l s o  seems t o  be i n c r e a s i n g  ( p e r s o n a l  com- 
municat ion o f  W .  Johansson t o  L. de  Mare, 1980 ) .  
3. ESTIMATES OF I R R I G A T I O N  WATER NEEDS BY CROP 
~ r r i g a t i o n  requ i rements  can  be s imu la t ed  by app ly ing  t h e  
i r r i g a t i o n  schemes d e s c r i b e d  i n  t h e  l a s t  s e c t i o n  t o  h i s t o r i c a l  
r a i n f a l l  d a t a .  The s i m u l a t i o n  t echn ique  used f o r  t h i s  r e p o r t  
i s  q u i t e  s imple  and s t r a i g h t f o r w a r d .  For comple teness ,  however, 
a  s h o r t  d e s c r i p t i o n  fo l l ows .  The d a i l y  r a i n f a l l  d a t a  f o r  a  
season a r e  r e a d  i n t o  t h e  computer.  For sandy s o i l ,  s t a r t i n g  
w i t h  t h e  f i r s t  day o f  t h e  i r r i g a t i o n  season  f o r  t h e  c r o p  o f  
i n t e r e s t ,  t h e  s i m u l a t i o n  program sums r a i n f a l l  f o r  seven days .  
A t  t h i s  p o i n t  t h e  program must make a  d e c i s i o n .  I f  t h e r e  was no 
r a i n f a l l  d u r i n g  t h e  seven days ,  t h e  program r e c o r d s  t h e  s even th  
day a s  an  i r r i g a t i o n  day,  and c o n t i n u e s .  I f  t h e r e  was r a i n f a l l ,  
then  t h e  t o t a l  amount i s  d i v i d e d  by 3.5, (2 .5  d u r i n g  August and 
September) and t h e  r e s u l t  rounded t o  t h e  n e a r e s t  i n t e g e r - - t h i s  
i s  t h e  l e n g t h  o f  t h e  postponement p e r i o d .  The program adds  
r a i n f a l l  f o r  t h e  number o f  days  i n  t h e  postponement p e r i o d ,  and 
then r e a c h e s  a n o t h e r  d e c i s i o n  p o i n t ,  and s o  on. I n  t h i s  way, 
t h e  program c o p i e s  t h e  o p e r a t i o n a l  i r r i g a t i o n  r u l e s  d e s c r i b e d  
i n  t h e  l a s t  s e c t i o n ,  and coun t s  t h e  number o f  days  i n  each  
season  on which i r r i g a t i o n  is  necessa ry .  The amount o f  i r r i g a t i o n  
wate r  needed i s  o f  cou r se  j u s t  t h e  number o f  t h e s e  days t i m e s  
t h e  amount o f  w a t e r  a p p l i e d  (18/25 mm f o r  sandy s o i l ,  25/35 mm 
f o r  c l a y  s o i l )  . 
The amount o f  wa t e r  r e q u i r e d  t o  f u l f i l l  t h e  recommended 
i r r i g a t i o n  p a t t e r n  f o r  each season  and each  c r o p  i s  c a l c u l a t e d  
a s  d e s c r i b e d  above. I n  t h i s  r e p o r t ,  w a t e r  r equ i r emen t s  r e f e r  t o  
t h e  amount o f i r r i g a t i o n w a t e r  t h a t  can be  used by t h e  c r o p s ,  n o t  
t h e  amount withdrawn from t h e  sou rce .  I t  must be k e p t  i n  mind 
t h a t  some l o s s e s  w i l l  occu r .  I n  ~ k s n e ,  l o s s e s  w i l l  probab ly  n o t  
exceed 10-15% and w i l l  u s u a l l y  be c o n s i d e r a b l y  less (va legSrd ,  
1978 ) .  
The p r e c i p i t a t i o n  d a t a  used i n  t h i s  r e p o r t  w e r e  c o l l e c t e d  
i n  Lund by t h e  Department o f  Geography a t  t h e  U n i v e r s i t y  o f  Lund 
( I n s t i t u t i o n e n  f o r  n a t u r g e o g r a f i ,  Lunds U n i v e r s i t e t ) .  They con- 
sist  of  d a i l y  r a i n f a l l  r e c o r d s  f o r  t h e  y e a r s  1900-1974. I d e a l l y ,  
r a i n f a l l  r e c o r d s  shou ld  be c o l l e c t e d  from i n d i v i d u a l  farms.  
F a i l i n g  t h i s ,  it is  assumed h e r e  t h a t  t h e  Lund r e c o r d s  a r e  f a i r l y  
r e p r e s e n t a t i v e  (see map i n  F i g u r e  1  ) . 
Figure 1 .  Study  Area - Western  ~ k s n e ,  Sweden 
Table  1 summarizes t h e  r e s u l t s  o f  s i m u l a t i n g  i r r i g a t i o n  
p r a c t i c e s  f o r  t h e  major  c r o p s  i n  ~ k g n e - - ~ r a i n ,  p o t a t o e s ,  s u g a r  
b e e t s ,  v e g e t a b l e  o i l ,  and l e y .  For  each c r o p  t h e  s o i l  t y p e ,  
i r r i g a t i o n  s e a s o n ,  and a v e r a g e  s e a s o n a l i r r i g a t i o n  w a t e r  needs  
( w i t h  s t a n d a r d  d e v i a t i o n )  a r e  t a b l e d .  The o b s e r v e d  r a n g e  o f  
i r r i g a t i o n  w a t e r  needs  (minimum and maximum v a l u e s ) ,  and median 
v a l u e s  a r e  a l s o  g i v e n .  The median v a l u e  may be o f  p a r t i c u l a r  
i n t e r e s t  i n  t h i s  c a s e ,  s i n c e  it i s  an  amount o f i r r i g a t i o n  w a t e r  
which may a c t u a l l y  be r e q u i r e d - - h a l f  o f  a l l  s i m u l a t e d  s e a s o n s  
have i r r i g a t i o n w a t e r  needs  less t h a n  o r  e q u a l  t o  t h e  median, 
h a l f  have needs  g r e a t e r  t h a n  o r  e q u a l  t o  t h e  median. On t h e  
o t h e r  hand, s i n c e  i r r i g a t i o n  w a t e r  i s  a p p l i e d  o n l y  i n  m u l t i p l e s  
o f  18, 25, o r  35 mm, t h e  a v e r a g e  w a t e r  need is  i n  g e n e r a l  a n  
amount t h a t  w i l l  n o t  be e x a c t l y  r e q u i r e d  i n  p r a c t i c e .  
According t o  Tab le  1 ,  g r a i n  c r o p s  w i l l  r e q u i r e ,  on a v e r a g e ,  
a b o u t  90 mm o f  i r r i g a t i o n  w a t e r  p e r  s e a s o n ,  p o t a t o e s  99 mm, 
s u g a r  b e e t s  86 mm, v e g e t a b l e  o i l  127 mm, h a r v e s t e d  l e y  161 mm, 
and g r a z i n g  l e y  184 mm. The e x c e s s i v e  r e q u i r e m e n t s  f o r  l e y  
a r e  due t o  t h e  l o n g  i r r i g a t i n g  season  (3-4 months ) .  Ranges 
o f  obse rved  w a t e r  r e q u i r e m e n t s  a r e  25-150 mm f o r  g r a i n ,  
18-179 mm f o r  p o t a t o e s ,  25-155 mm f o r  s u g a r  b e e t s ,  35-175 mm 
f o r  v e g e t a b l e  o i l ,  70-235 mm f o r  h a r v e s t e d  l e y ,  and 70-285 mm 
f o r  g r a z i n g  l e y .  
T a b l e  2 p r e s e n t s ,  f o r  e a c h  c r o p ,  t h e  p e r c e n t  o f  s e a s o n s  
o u t  o f  t h e  75 s i m u l a t e d  y e a r s  f o r  which a g i v e n  amount o f  
i r r i g a t i o n  w a t e r  was r e q u i r e d .  T h i s  t a b l e  p r o v i d e s  i n f o r m a t i o n  
on how o f t e n  a  f a rmer  may e x p e c t  t o  have t o  p r o v i d e  p a r t i c u l a r l y  
l a r g e  ( o r  s m a l l )  amounts o f  i r r i g a t i o n  w a t e r .  For  i n s t a n c e ,  
p o t a t o e s  w i l l  r e q u i r e  175-199 mm o f i r r i g a t i o n  w a t e r  i n  1% o f  a l l  
s e a s o n s ,  g r a z i n g  l e y  w i l l  r e q u i r e  275-299 mm i n  3% o f  a l l  
s e a s o n s .  
4 .  COMPARISON TO OTHER ESTIMATES 
How do t h e  e s t i m a t e s  from t h e  l a s t  s e c t i o n  compare w i t h  
o t h e r  r e c e n t  e s t i m a t e s  o f  i r r i g a t i o n  w a t e r  needs?  A s t u d y  o f  
i r r i g a t i o n  needs  under taken  by Johansson and K l i n g s p o r  i n  1977 
p r e s e n t s  e s t i m a t e s  o f  w a t e r  needs  f o r  v a r i o u s  c r o p s  i n  s e v e r a l  
r e g i o n s  o f  Sweden, i n c l u d i n g  ~ k s n e .  Water needs  a r e  e s t i m a t e d  
f o r  a " d r y  y e a r "  and f o r  t h e  y e a r  1976 s e p a r a t e l y .  
T a b l e  1. E s t i m a t e s  o f  I r r i g a t e d  Water Needs by Crop 
Crop 
P o t a t o e s  
Gra in  
Grain  
Vege tab le  
o i l  
Sugar  b e e t s  
Ley ( h a r v e s -  
t e d )  
Ley ( g r a z i n g )  
Average 
S e a s o n a l  
r e q u i r e -  
ment 
99 mrn 
88 mm 
90 mm 
127 mm 
86 mm 
161 mm 
184 mm 
Usual 
S o i l  
Type 
Sandy 
Sandy 
Clay 
Clay  
Clay  
Clay  
Clay  
I r r i g a t i o n  s e a s o n  
June  16 - August  31 
(2.1/2 months) 
June  1 - J u l y  15 
(1.1/2 months)  
June  1 - J u l y  15 
(1.1/2 months) 
May 16 - J u l y  15 
( 2 months) 
J u l y  1 - S e p t .  15 
(2.1/2 months) 
May 16 - August  15 
( 3  months)  
May 16 - S e p t .  15 
( 4  months) 
( S t a n d a r d  
d e v i a t i o n )  
(37)  
(28)  
(24)  
(31 
(32 
(34)  
(40)  
Range 
18-179 mm 
25-150 mm 
35-140 mm 
35-175 mm 
25-155 mm 
70-235 mm 
70-285 mm 
Median 
s e a s o n a l  
r e q u i r e -  
men t 
100 mm 
100 mm 
105 mm 
140 mm 
85 rnm 
165 mm 
190 mm 

The J o h a n s s o n  a n d  K l i n g s p o r  d r y  y e a r  e s t i m a t e s  a r e  b a s e d  
o n  i r r i g a t i o n  r u l e s  d e s i g n e d  t o  m a i n t a i n  o p t i m a l  s o i l  m o i s t u r e  
f o r  e a c h  c r o p .  These  r u l e s  were a p p l i e d  t o  m e t e o r o l o g i c a l  d a t a ,  
i n c l u d i n g  r a i n f a l l ,  f rom 1931-60 i n  e a c h  o f  s e v e r a l  r e g i o n s  i n  
Sweden. E s t i m a t e s  o f  water n e e d s  i n  e a c h  y e a r  w e r e  u s e d  t o  
c a l c u l a t e  t h e  n e e d s  f o r  a  d r y  y e a r  ( t h e  s e p a r a t e  y e a r l y  es t i -  
mates d o  n o t  a p p e a r  t o  have  been  p u b l i s h e d ) .  A d r y  y e a r  i s  
t a k e n  t o  b e  t h a t  y e a r  r e q u i r i n g  t h e  f i f t h  l a r q e s t  i r r i g a t i o n  
amount  i n  t h e  s e q u e n c e  of t h i r t y  y e a r s ,  1931-60. F o r  t h e  75 y e a r s  
o f  s i m u l a t e d  d a t a  i n  t h i s  r e p o r t ,  a  d r y  y e a r  is ,  by t h i s  d e f i n i -  
t i o n ,  t h a t  y e a r  w i t h  t h e  t w e l f t h  l a r g e s t  i r r i g a t i o n  r e q u i r e m e n t .  
The J o h a n s s o n / K l i n g s p o r  e s t i m a t e s  f o r  1976 a p p e a r  t o  h a v e  
been  c a l c u l a t e d  from d r y  y e a r  e s t i m a t e s  b y  r e d u c i n g  t h o s e  
estimates by amounts  commensurate  w i t h  t h e  r a i n f a l l  l e v e l s  o f  
1976.  E x a c t l y  how t h e  r e d u c t i o n s  were c a l c u l a t e d  i s  n o t  s p e c i -  
f i e d .  No d i r e c t  compar i son  w i t h  e s t i m a t e s  p r e s e n t e d  i n  t h e  
l a s t  s e c t i o n  was p o s s i b l e ,  b e c a u s e  t h e  Lund r a i n f a l l  d a t a  d i d  
n o t  i n c l u d e  1976. I n s t e a d ,  t h e  i r r i g a t i o n  r u l e s  s p e c i f i e d  i n  
S e c t i o n  1 were a p p l i e d  t o  d a i l y  r a i n f a l l  d a t a  f rom ~ o m b s j o n  t o  
o b t a i n  estimates f o r  1976.  The l o c a t i o n s  o f  t h e  t w o  r a i n f a l l  
measurement  s t a t i o n s  u s e d  by t h i s  s t u d y  are shown o n  t h e  map i n  
F i g u r e  1 .  
I n  T a b l e  3  t h e  ~ o h a n s s o n / ~ l i n g s p o r  e s t i m a t e s  a r e  compared 
t o  e s t i m a t e s  b a s e d  on  t h e  i r r i g a t i o n  r u l e s  o f  t h i s  r e p o r t .  The 
d r y  y e a r  e s t i m a t e s  f o r  p o t a t o e s  a n d  s u g a r  beets a r e  v e r y  s i m i l a r ,  
b u t  i n  a l l  o t h e r  c a s e s  t h e  e s t i m a t e s  f rom t h i s  r e p o r t  are much 
h i g h e r  t h a n  t h e  c o r r e s p o n d i n g  J o h a n s s o n / K l i n g s p o r  e s t i m a t e s .  
I n  t h e  c a s e  o f  l e y ,  a  l a r g e  p a r t  o f  t h e  d i s c r e p a n c y  i s  d u e  
t o  t h e  f a c t  t h a t  J o h a n s s o n  and  K l i n g s p o r  r e d u c e d  t h e i r  estimates 
by a r o u n d  30% b e c a u s e  t h e y  f e l t  t h a t  f a r m e r s  o f t e n  do  n o t  
i r r i g a t e  l e y  l a t e  i n  t h e  s e a s o n .  T h e r e f o r e  t h e  d i f f e r e n c e  i n  
e s t i m a t e s  l a r g e l y  r e f l e c t s  how much more water is  r e q u i r e d  i f  
f a r m e r s  d o  c o n t i n u e  t o  i r r i g a t e  l e y  t h r o u g h o u t  t h e  s e a s o n  
s p e c i f i e d  i n  S e c t i o n  2 .  
T a b l e  3 .  E s t i m a t e s  o f  I r r i g a t e d  Water Needs  
Compared t o  J o h a n s s o n / K l i n g s p o r  E s t i m a t e s  
C r o p  
P o t a t o e s  
G r a i n  
( s a n d y  
s o i l )  
G r a i n  
( c l a y  
s o i l )  
V e g e t a b l e  
o i l  
S u g a r  
b e e t s  
Ley 
( h a r v e s -  
t e d )  
Ley 
( g r a z i n g )  
E s t i m a t e d  
d r y  y e a r  
n e e d s  
136 mm 
125  
105  
175  
120 
200 
225 
J o h a n s s o n /  
K l i n g s p o r  
estimated 
d r y  y e a r  
n e e d s  
140 mm 
50-65 
50-65 
50-65 
110 
75-1 20 
160 
E s t i m a t e d  
1976 n e e d s  
(Vombs j o n )  
154 mm 
100 
70 
1 0 5  
120 
165 
190 
J o h a n s s o n /  
K l i n g s p o r  
estimated 
1976 n e e d s  
1 1 5  mm 
20-30 
20-30 
20-30 
9 5  
55-85 
1 1 5  
Ley e s t i m a t e s  from t h i s  r e p o r t  remain h i g h e r  t h a n  t h e  
Johansson/Kl ingspor  e s t i m a t e s ,  even a f t e r  d i s c o u n t i n g  t h e  30% 
r e d u c t i o n .  And, e x c e p t  f o r  t h e  two c a s e s  ment ioned,  a l l  o t h e r  
e s t i m a t e s  a r e  much h i g h e r .  Why a r e  t h e  e s t i m a t e s  s o  d i f f e r e n t ?  
For  t h e  d r y  y e a r  e s t i m a t e s  t h e  major d i f f e r e n c e  i n  e s t ima-  
t i o n  l i e s  i n  t h e  i r r i g a t i o n  r u l e s  adop ted .  Johansson  and . 
K l i n g s p o r  u s e  a  s o p h i s t i c a t e d  i r r i g a t i o n  r u l e  based  on s o i l  
m o i s t u r e .  I t  i s  undoubtedly  b e t t e r  a t  matching i r r i g a t i o n  t o  
t h e  t r u e  w a t e r  needs  o f  t h e  c r o p s ,  b u t  i s  u n l i k e l y  t o  r e f l e c t  
what f a r m e r s  a c t u a l l y  do. The much h i g h e r  water needs  e s t i m a t e d  
under  t h e  " r u l e  o f  thumb" i r r i g a t i o n  schemes used  by t h i s  r e p o r t  
i n d i c a t e  t h a t  f a r m e r s  s h o u l d  be encouraged t o  measure s o i l  
m o i s t u r e ,  and use  more s e n s i t i v e  r u l e s  f o r  i r r i g a t i o n ,  such as 
t h o s e  used by Johansson and Kl ingspor .  The s a v i n g s  i n  i r r i g a t i o n  
w a t e r  would be s u b s t a n t i a l .  
I t  i s  d i f f i c u l t  t o  s a y  how much o f  t h e  d i f f e r e n c e s  i n  1 9 7 6  
e s t i m a t e s  i s  due t o  t h e  i r r i g a t i o n  r u l e s  chosen ,  s i n c e  it  i s  
u n c l e a r  e x a c t l y  how t h e  Johansson/Kl ingspor  e s t i m a t e s  were 
c a l c u l a t e d .  However, f o r  b o t h  sets  o f  e s t i m a t e s  w e  c a n  s a y  
t h a t  t h e  w a t e r  needs  under  p r e s e n t  " r u l e  o f  thumb" i r r i g a t i o n  
p r a c t i c e s  a r e  l i k e l y  t o  b e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  
Johansson/Kl ingspor  e s t i m a t e s  would i n d i c a t e .  
5. EFFECTS OF I R R I G A T I O N  ON WATER AVAILABLE TO CROPS 
Crop y i e l d s  depend on s e v e r a l  a s p e c t s  o f  w a t e r  a v a i l a b i l i t y .  
Among t h e s e  a r e  t h e  t o t a l  s e a s o n a l  q u a n t i t y  o f  w a t e r  a v a i l a b l e  
and i t s  d i s t r i b u t i o n  t h r o u g h o u t  t h e  season .  Farmers themse lves  
a r e  i n t e r e s t e d  n o t  o n l y  i n  c r o p  y i e l d s ,  b u t  a l s o  i n  t h e  re l i -  
a b i l i t y  o f  y i e l d s ,  which depends  t o  a  l a r g e  e x t e n t ,  on t h e  v a r i -  
a b i l i t y  o f  w a t e r  s u p p l y .  So it i s  i m p o r t a n t  t o  know how a l l  t h e s e  
a s p e c t s  o f  w a t e r  a v a i l a b i l i t y  a r e  a f f e c t e d  by i r r i g a t i o n .  T h i s  
s e c t i o n  e s t i m a t e s ,  f i r s t ,  t h e  e f f e c t s  o f  t h e  i r r i g a t i o n  schemes 
o f  S e c t i o n  2 on s e v e r a l  c h a r a c t e r i s t i c s  o f  t o t a l  s e a s o n a l  w a t e r  
s u p p l y ,  t h e n  t h e  e f f e c t s  on d i s t r i b u t i o n  o f  w a t e r  th roughou t  t h e  
s e a s o n .  
5.1 E f f e c t s  on T o t a l  S ea sona l  Water Q u a n t i t i e s  
How do t h e  i r r i g a t i o n  schemes d e s c r i b e d  i n  S e c t i o n  2 of 
t h i s  r e p o r t  a f f e c t  t o t a l  s e a s o n a l  w a t e r  s u p p l y - - i t s  a v e r a g e  
v a l u e ,  v a r i a n c e  and t h e  shape  o f  i t s  p r o b a b i l i t y  d i s t r i b u t i o n ?  
I n  t e r m s  o f  w a t e r  su p p l y ,  t h e  c r u c i a l  s ea son  w i l l  d i f f e r  f o r  
each  c r o p .  W e  look  a t  each  c r o p  s e p a r a t e l y ,  and t a k e  t h e  c r u c i a l  
season  t o  be t h e  i r r i g a t i o n  s ea son  (see S e c t i o n  2 ) .  Seasona l  
t o t a l s  w i t h o u t  i r r i g a t i o n  a r e ,  o f  c o u r s e ,  s imply  t h e  s e a s o n a l  
r a i n f a l l  t o t a l s .  Seasona l  t o t a l s  w i t h  i r r i g a t i o n  i n c l u d e  
r a i n f a l l  and i r r i g a t i o n  t o t a l s .  I r r i g a t i o n  t o t a l s  a r e  s imu la t ed  
a s  d e s c r i b e d  i n  S e c t i o n  2 o f  t h e  r e p o r t .  
Tab le  4 summarizes t h e  c h a n g e  i n  ave r age  v a l u e  and s t a n d a r d  
d e v i a t i o n  o f  t h e  s e a s o n a l  w a t e r  a v a i l a b l e  t o  c r o p s  when i r r i g a -  
t i o n  i s  used. The average  v a l u e s  o f  t o t a l  s e a s o n a l  w a t e r  a v a i l -  
a b l e  w i t h  i r r i g a t i o n  a r e  1 .5  t o  2 t i m e s  h i g h e r  t h a n  w i t h o u t  
i r r i g a t i o n .  For example, r a i n f a l l  p r o v i d e s  on  ave rage  
17.G mm p e r  season  f o r  p o t a t o e s .  I r r i g a t i o n  and r a i n f a l l  
t o g e t h e r  p r o v i d e  on average  274  rnrn p e r  season .  
The average  q u a n t i t i e s  o f  w a t e r  a v a i l a b l e  f o r  c r o p s  have 
been g r e a t l y  i n c r e a s e d .  But j u s t  a s  impor t an t ,  v a r i a b i l i t y  i n  
q u a n t i t y  o f  w a t e r  a v a i l a b l e  from sea son  t o  s ea son ,  a s  measured 
by t h e  s t a n d a r d  d e v i a t i o n ,  h a s  been reduced.  The change i s  
s t r i k i n g - - a  r e d u c t i o n  o f  between 2 6  and 41 p e r c e n t .  
I n  a d d i t i o n  t o  knowing t h e  changes made by i r r i g a t i o n  i n  
a v e r a g e  v a l u e s  o f  t h e  s e a s o n a l  t o t a l s ,  it i s  h e l p f u l  t o  know 
how i r r i g a t i o n  changes t h e  r a t e  o f  occu r r ence  o f  s e a s o n s  w i t h  
p a r t i c u l a r l y  low q u a n t i t i e s  o f  w a t e r  a v a i l a b l e  t o  c rops - - in  
f a c t ,  how i r r i g a t i o n  changes  t h e  e n t i r e  p r o b a b i l i t y  d i s t r i b u t i o n  
o f  s e a s o n a l  t o t a l s .  F i g u r e  2 shows h i s t og rams  o f  s e a s o n a l  w a t e r  
t o t a l s  f o r  each  c r o p ,  w i t h  and w i t h o u t  i r r i g a t i o n .  The h i s t o -  
grams make even c l e a r e r  t h e  d i f f e r e n c e s  d i s c u s s e d  i n  t h e  p re -  
c e d i n g  paragraphs .  I n  e v e r y  c a s e ,  t h e  mean o f  t h e  d i s t r i b u t i o n  
o f  s e a s o n a l  w a t e r  t o t a l s  h a s  been s i g n i f i c a n t l y  i n c r e a s e d ,  and 
t h e  s p r e a d  o f  t h e  d i s t r i b u t i o n  s i g n i f i c a n t l y  reduced.  I r r i g a t i o n  
s h i f t s  t h e  e n t i r e  d i s t r i b u t i o n  t o  t h e  r i g h t  and r educes  i t s  
s p r e a d ,  g u a r an t ee i n g  a n  a c c e p t a b l e  minimum supp ly  o f  w a t e r ,  
h h h h  h h  
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no m a t t e r  how d r y  t h e  s e a s o n .  I n  f a c t ,  f o r  e v e r y  c r o p  con- 
s i d e r e d ,  t h e  minimum w a t e r  s u p p l y  w i t h  i r r i g a t i o n  i s  g r e a t e r  
t h a n  t h e  a v e r a g e  s u p p l y  w i t h o u t  i r r i g a t i o n .  
5 . 2  Optimal  Water Supply 
I n  judg ing  t h e  e f f e c t i v e n e s s  o f  t h e  i r r i g a t i o n  schemes, 
i t  would be h e l p f u l  t o  know how t h e  w a t e r  s u p p l y  w i t h  i r r i g a t i o n  
compares t o  some ' o p t i m a l '  p a t t e r n  o f  w a t e r  s u p p l y .  A s t u d y  of 
i r r i g a t i o n  i n  Sweden was done i n  1977 by Johansson  and L i n n e r .  
T h i s  s t u d y  i n c l u d e s  some e s t i m a t e s ,  f o r  s o u t h e r n  Sweden, o f  t h e  
o p t i m a l  amounts o f  w a t e r  needed d u r i n g  May, J u n e ,  J u l y ,  August ,  
and September,  f o r  p o t a t o e s ,  l e y ,  and s p r i n g  g r a i n .  W e  compare 
t h e s e  e s t i m a t e d  o p t i m a l  amounts w i t h  t h e  a v e r a g e  amounts pro-  
v i d e d  by o u r  i r r i g a t i o n  schemes i n  each  month. I t  i s  assumed, 
o f  c o u r s e ,  t h a t  i r r i g a t i o n  o n l y  t a k e s  p l a c e  d u r i n g  t h e  months 
s p e c i f i e d  by t h e  i r r i g a t i o n  schemes. So, f o r  p o t a t o e s ,  i r r i g a -  
t i o n  w i l l  t a k e  p l a c e  from June  16 t o  August 31. The a v e r a g e  
amounts o f  w a t e r  a v a i l a b l e  d u r i n g  o t h e r  months w i l l  be j u s t  
t h e  a v e r a g e  r a i n f a l l  amounts.  
The o p t i m a l  and i r r i g a t i o n  a v e r a g e s  a r e  shown i n  Tab le  5 .  
With few e x c e p t i o n s ,  t h e  w a t e r  s u p p l i e d  by i r r i g a t i o n  and r a i n -  
f a l l  t o g e t h e r  exceeds  t h e  o p t i m a l  amounts. The e x c e s s  i s ,  i n  
g e n e r a l ,  a b o u t  10-20 rnm i n  e a c h  month t h a t  i r r i g a t i o n  i s  a p p l i e d .  
The p r e s e n t  i r r i g a t i o n  p r a c t i c e s  used i n  ~ k g n e  t h u s  t e n d  t o  
o v e r s u p p l y  w a t e r  compared t o  o p t i m a l  amounts,  i n  t e r m s  o f  monthly 
q u a n t i t i e s .  T h i s  o v e r s u p p l y  o f  i r r i g a t i o n  w a t e r  i s  t o  a  l a r g e  
e x t e n t  t h e  n e c e s s a r y  consequence o f  i m p e r f e c t  i n f o r m a t i o n  a b o u t  
f u t u r e  r a i n f a l l ,  a s  e x p l a i n e d  below. 
The o p t i m a l  i r r i g a t i o n  b e h a v i o r  o f  f a r m e r s  w i t h  r e s p e c t  t o  
t o t a l  q u a n t i t i e s  o f  w a t e r  a p p l i e d  (it i s  n o t  n e c e s s a r i l y  o p t i -  
mal i n  o t h e r  r e s p e c t s )  would b e  t o  i r r i g a t e  a n  amount e q u a l  t o  
t h e  r a i n f a l l  d e f i c i t  i n  any month. That  i s ,  i r r i g a t i o n  s h o u l d  
b r i n g  t h e  t o t a l  amount o f  w a t e r  s u p p l i e d  t o  t h e  o p t i m a l  amount. 
U n f o r t u n a t e l y ,  t h e  o p t i m a l  b e h a v i o r a l  r u l e  i s  n o t  o p e r a t i o n a l .  
I t  c a n n o t  be fo l lowed  i n  p r a c t i c e  because  t h e  fa rmer  d o e s  n o t  
know what t h e  t o t a l  monthly r a i n f a l l  w i l l  be u n t i l  t h e  end o f  
t h e  month--af ter  h i s  i r r i g a t i o n  d e c i s i o n s  have  been made. H e  
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must  p r o t e c t  h i m s e l f  a g a i n s t  h i s  l a c k  o f  i n f o r m a t i o n ,  a g a i n s t  
t h e  p o s s i b i l i t y  o f  a  v e r y  d r y  l a t e  month,  and i n  so d o i n g  h e  
w i l l  t e n d  t o  o v e r i r r i g a t e  i n  compar i son  w i t h  o p t i m a l  amounts .  
To see why f a r m e r s  w i l l  o n  a v e r a g e  o v e r i r r i g a t e ,  c o n s i d e r  
t h e  f o l l o w i n g  s i t u a t i o n .  Suppose t h e r e  i s  a n  o p t i m a l  amount o f  
w a t e r ,  x ,  f o r  a  g i v e n  t i m e  p e r i o d ,  and assume t h e  f a r m e r  must 
i r r i g a t e  a t  l e a s t  o n c e  b e f o r e  t h e  end  o f  t h e  p e r i o d  ( i f  he  c a n  
w a i t  u n t i l  t h e  end  o f  t h e  p e r i o d  t o  i r r i g a t e ,  l a c k  o f  i n fo rma-  
t i o n  c r e a t e s  no problem,  a n d  o p t i m a l  l e v e l s  c a n  b e  m e t  e x a c t l y ) .  
I f  t h e  f a r m e r  i r r i g a t e s  a n  amount y < x ,  t h e n  t h e r e  e x i s t s  some 
p r o b a b i l i t y  t h a t  r a i n f a l l  i n  t h e  r e m a i n d e r  o f  t h e  p e r i o d  w i l l  
e x c e e d  (x-y)  and  t h e  f a r m e r  w i l l  h a v e  o v e r i r r i g a t e d .  On t h e  
o t h e r  hand ,  t h e r e  i s  no p o s s i b i l i t y  o f  u n d e r i r r i g a t i o n  b e c a u s e  
t h e  f a r m e r  c a n  make up any  d e f i c i t  o n  t h e  l a s t  day  o f  t h e  
p e r i o d .  The p o s i t i v e  p r o b a b i l i t y  o f  o v e r i r r i g a t i o n ,  no  m a t t e r  
how s m a l l ,  f o r c e s  a v e r a g e  i r r i g a t i o n  t o  be  g r e a t e r  t h a n  t h e  
o p t i m a l  l e v e l .  
Even if f a r m e r s  a t t e m p t  t o  m e e t  o p t i m a l  w a t e r  l e v e l s  
e x a c t l y  t h e y  w i l l  t e n d  t o  o v e r i r r i g a t e .  So i t  i s  n o t  s u r p r i s i n g  
t h a t  o p e r a t i o n a l  i r r i g a t i o n  r u l e s  s u c h  a s  t h e  o n e  u s e d  i n  t h i s  
r e p o r t  s h o u l d  o v e r s h o o t  o p t i m a l  w a t e r  l e v e l s .  However, f o r  
some months and some c r o p s  ( e . g .  p o t a t o e s  i n  J u l y  a n d  A u g u s t ) ,  
t h e  e x c e s s  may b e  u n a c c e p t a b l y  h i g h .  M o d i f i c a t i o n  o f  t h e  thumb 
r u l e s  s u g g e s t e d  t o  f a r m e r s  may be  w o r t h w h i l e .  
E s t i m a t e s  o f  i r r i g a t i o n  w a t e r  n e e d s  a r e  o f t e n  b a s e d  on t h e  
r a i n f a l l  d e f i c i t  ( t h e  d i f f e r e n c e  between r a i n f a l l  and  o p t i m a l  
w a t e r  amounts  i n  some p e r i o d ,  u s u a l l y  a  m o n t h ) .  The a n a l y s e s  
o f  t h i s  s e c t i o n  show t h a t  t h e s e  e s t i m a t e s  may n o t  b e  s a t i s f a c t o r y .  
They w i l l  i n  g e n e r a l  u n d e r e s t i m a t e  a c t u a l  n e e d s ,  s i n c e  t h e y  
assume p e r f e c t  knowledge o f  f u t u r e  r a i n f a l l .  
5 . 3  E f f e c t s  o n  S e a s o n a l  D i s t r i b u t i o n  o f  Water  
J u d g i n g  t h e  s u c c e s s  o f  i r r i g a t i o n  i n  t e r m s  o f  p r o v i d i n g  
some o p t i m a l  t o t a l  w a t e r  amounts  i s  n o t  e n t i r e l y  s a t i s f a c t o r y .  
The t o t a l  s e a s o n a l  o r  mon th ly  w a t e r  a v a i l a b l e  t o  c r o p s  i s  o n l y  
o n e  a s p e c t  o f  t h e  w a t e r  s u p p l y .  D i s t r i b u t i o n  o f  t h e  t o t a l  w a t e r  
o v e r  t h e  s e a s o n  i s  a t  l e a s t  a s  i m p o r t a n t .  I n  f a c t ,  t h e  
phi losophy  o f  o u r  i r r i g a t i o n  schemes i s  n o t  t o  p r o v i d e  a par-  
t i c u l a r  s e a s o n a l  q u a n t i t y ,  b u t  r a t h e r  t o  m a i n t a i n  a s u p p l y  o f  
a b o u t  3.5 mm p e r  day o f  water t o  c r o p s  d u r i n g  t h e i r  i r r i g a t i o n  
s e a s o n s  (2 .5  mm p e r  day d u r i n g  August and Sep tember ) .  How w e l l  
do t h e  i r r i g a t i o n  reg imes  f u l f i l l  t h i s  g o a l ?  
Tab le  6  g i v e s ,  f o r  each  c r o p ,  t h e  a v e r a g e  q u a n t i t y  o f  
w a t e r  s u p p l i e d  f o r  e a c h  two-week p e r i o d  i n  i t s  season .  The 
t a r g e t  3.5 mm p e r  day c o r r e s p o n d s  t o  52 mm f o r  15 d a y s ,  56 mm 
f o r  16 d a y s ,  w h i l e  2.5 mm p e r  day c o r r e s p o n d s  t o  37.5 and 40 mm, 
r e s p e c t i v e l y .  I t  i s  clear  from t h e  t a b l e  t h a t  t h e  3 .5  mm p e r  
day t a r g e t  f o r  May-July is  m e t  q u i t e  well--on a v e r a g e ,  53-65 rnm 
are s u p p l i e d  i n  each  p e r i o d .  The i r r i g a t i o n  schemes t e n d ,  how- 
e v e r ,  t o  o v e r s h o o t  t h e  2.5 mm p e r  day t a r g e t  f o r  August  and 
September,  s u p p l y i n g  43-50 mm i n  e a c h  p e r i o d .  T h i s  may be due 
t o  t h e  f a c t  t h a t  postponement  p e r i o d s  c o n t i n u i n g  i n t o  August  
from i r r i g a t i o n  done i n  J u l y  a r e  based  o n  3.5 mm p e r  day.  
Even f o r  t h e  3 .5  mm p e r  day t a r g e t s ,  t h e  a v e r a g e s  f o r  t h e  
two-week p e r i o d s  a r e  a lways  somewhat h i g h .  T h i s  i s  a n o t h e r  
i n s t a n c e  o f  t h e  o v e r i r r i g a t i o n  phenomenon d e s c r i b e d  i n  t h e  l a s t  
s e c t i o n .  Here w e  a r e  c o n s i d e r i n g  52/56 mm t o  be  o p t i m a l  f o r  a  
two-week p e r i o d .  Again,  l a c k  o f  p r e c i s e  f u t u r e  r a i n f a l l  i n f o r -  
mat ion  encourages  o v e r i r r i g a t i o n .  I n  t h i s  c a s e  t h e  e x c e s s  i s  
minimal because  t h e  t i m e  p e r i o d s  are s o  s h o r t .  
6 .  CONCLUSIONS 
When c o n s i d e r i n g  i r r i g a t i o n  i n  a r e g i o n ,  i t  i s  i m p o r t a n t  t o  
e s t i m a t e  b o t h  p o t e n t i a l  i r r i g a t i o n  water demands and p o t e n t i a l  
~ 
e f f e c t s  o f  i r r i g a t i o n  on t h e  t o t a l  amount o f  w a t e r  a v a i l a b l e  
t o  c r o p s .  T h i s  may be d i f f i c u l t  t o  do u s i n g  o b s e r v e d  d a t a .  I f  
i r r i g a t i o n  i s  new i n  t h e  r e g i o n  o r  i f  i r r i g a t i o n  p r a c t i c e s  have  
changed,  t h e r e  may be v e r y  l i t t l e  d a t a  a v a i l a b l e .  Also ,  l i m i t a -  
t i o n s  on t h e  water a v a i l a b l e  f o r  i r r i g a t i o n  may make o b s e r v e d  
u s e  f i g u r e s  m i s l e a d i n g .  I n  e i t h e r  c a s e ,  t h e  t e c h n i q u e  o f  u s i n g  
s i m u l a t e d  i r r i g a t i o n  d a t a  o f f e r s  one  u s e f u l  way t o  make t h e  
e s t i m a t e s .  
E s t i m a t e s  based  on s i m u l a t e d  d a t a  w i l l  depend h e a v i l y  on  
t h e  k i n d  o f  i r r i g a t i o n  r u l e s  assumed t o  r e p r e s e n t  f a r m e r s '  
b e h a v i o r .  I n  t h i s  r e p o r t  w e  have a t t e m p t e d  t o  use  i r r i g a t i o n  
r u l e s  as  c l o s e  a s  p o s s i b l e  t o  f a r m e r s '  a c t u a l  b e h a v i o r  i n  ~ k g n e .  
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I n W I n  In In 
The i r r i g a t i o n  schemes a r e  r u l e s  o f  thumb recommended t o  f a rme r s ,  
and depend o n l y  on d a i l y  measurement o f  r a i n f a l l .  A major 
f i n d i n g  o f  t h e  r e p o r t  i s  t h a t  u se  o f  t h e s e  thumb r u l e s  l e a d s  
t o  h i g h e r  w a t e r  use  t h a n  does  t h e  u s e  o f  more s e n s i t i v e  r u l e s  
based on s o i l  m o i s t u r e .  I t  would be wor thwhi le ,  i n  terms o f  
w a t e r  saved ,  t o  encourage  f a rmer s  t o  measure s o i l  m o i s t u r e  and 
t o  u s e  more s o p h i s t i c a t e d  i r r i g a t i o n  schemes, r a t h e r  t h a n  t h e  
rough thumb r u l e s .  
The r e p o r t  a l s o  p r e s e n t s  a c l e a r  p i c t u r e  o f  t h e  changes  
caused i n  t h e  amount o f  w a t e r  a v a i l a b l e  t o  t h e  c r o p s  by t h e  
assumed i r r i g a t i o n  p r a c t i c e s .  B e n e f i t s  i n c l u d e  g r e a t l y  i n c r e a s e d  
s e a s o n a l  w a t e r  t o t a l s ,  and a c o n s i s t e n t  supp ly  o f  w a t e r  through- 
o u t  t h e  season .  The schemes succeed  q u i t e  w e l l  a t  p r o v i d i n g  
52-66 mm of  w a t e r  i n  e ach  two-week p e r i o d .  The v a r i a b i l i t y  o f  
t o t a l  w a t e r  su p p l y  i s  a l s o  g r e a t l y  reduced by i r r i g a t i o n - - a n  
i m p o r t an t  b e n e f i t  t o  f a r mer s  i n  terms of  r educ ing  r i s k ,  and one 
which i s  o f t e n  over looked.  On t h e  o t h e r  hand, t h e  s i m u l a t i o n  
i r r i g a t i o n  p r a c t i c e s  p r o v ide  an  e x c e s s  of  w a t e r ,  on ave rage ,  
compared t o  o p t i m a l  monthly t o t a l s .  T h i s  a l s o  s u g g e s t s  t h e  
v a l u e  o f  a d o p t i n g  i r r i g a t i o n  p r a c t i c e s  which match c r o p  w a t e r  
needs  more s e n s i t i v e l y .  
REFERENCES 
A n d e r s o n ,  R . ,  ( 1 9 8 0 ) .  An Economic  A n a l y s i s  o f  S u p p l e m e n t a r y  
~ r r i g a t i o n  i n  t h e  ~ k s n e .  IIASA Work ing  P a p e r  
( f o r t h c o m i n g )  . 
J o h a n s s o n ,  W . ,  a n d  K l i n g s p o r ,  P . ,  ( 1 9 7 7 ) .  B e v a t t n i n g e n  inom 
L a n t b r u k e t  1976  : B e v a t t n a d  A r e a l ,  v a t t e n g t g 2 n g  o c h  
V a t t e n t a k t e r  ( I r r i g a t i o n  i n  A g r i c u l t u r e  1976 :  i r r i g a t e d  
areas,  w a t e r  u s e ,  a n d  w a t e r  s o u r c e s ) .  S v e r i g e s  
L a n t b r u k s u n i v . ,  U p p s a l a  1977 .  
J o h a n s s o n ,  W . ,  a n d  L i n n g r ,  H.  ( 1 9 7 7 ) .  B e v a t t n i n g :  Behov,  
E f f e c t e r ,  T e k n i k  ( I r r i g a t i o n :  Needs ,  E f f e c t s ,  T e c h n i q u e s ) .  
LTs f d r l a g  1977.  
L i n n e r ,  H . ,  ( 1 9 7 7 ) .  B e v a t t n i n g  till P o t a t i s  ( I r r i g a t i o n  o f  
P o t a t o e s )  . Lantmannen  5/ 1  977 .  
L i n n e r ,  H . ,  ( 1 9 7 9 )  . S c h e d u l i n g  I r r i g a t i c n  o f  P o t a t o e s  i n  
Sweden. CIGR I X  C o n g r e s s ,  A u g u s t  1979 .  
0 V a l e g a r d ,  A. ,  ( 1 9 7 8 ) .  S p r i d n i n g s f d r l u s t e r  v i d  ~ e v a t t n i n g  -
m i n d r e  a n  man t i d i g a r e  t r o t t  ( S p r i n k l i n g  L o s s e s  o f  
I r r i g a t i o n  - smaller t h a n  p r e v i o u s l y  t h o u g h t ) .  N o r d i s k  
J o r d b r u k s f o r s k n i ~ g ,  V o l .  6 0 ,  N o .  1 ,  p p .  66-67,  O r k a n g e r ,  
Norway. 
